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
$WRSLFDOVNLQIRUPXODWLRQFRQWDLQLQJDKLJKOLSLGFRQWHQW
$XWKRUV7KRPVHQ%57D\ORU50DGVHQ5+\OGLJ*%OHQNLURQ3DQG-DFREVHQ&
1DWLRQDO)RRG,QVWLWXWH'LYLVLRQRI)RRG7HFKQRORJ\7HFKQLFDO8QLYHUVLW\RI'HQPDUN/\QJE\
'.*OD[R6PLWK.OLQH%UHQWIRUG8.'HSDUWPHQWRI&KHPLVWU\7HFKQLFDO8QLYHUVLW\RI
'HQPDUN/\QJE\'.
.H\ZRUGV
2[LGDWLYH6WDELOLW\1XWULWLRQDQG+HDOWK$XWR[LGDWLRQ/LSLG&KHPLVWU\/LSLG$QDO\VLVDQG/LSLGV
$EVWUDFW
6HYHUDOVWXGLHVKDYHGHPRQVWUDWHGWKDWOLSLGR[LGDWLRQRIWHQRFFXUVLQWRSLFDOVNLQIRUPXODWLRQVZKLFK
FDQDIIHFWSURGXFWRGRXUERWKSRVLWLYHO\DQGQHJDWLYHO\)XUWKHUPRUHRGRXUGHWHFWLRQWKUHVKROG
YDOXHVDQGRGRXUGHVFULSWRUVRILGHQWLILHGYRODWLOHR[LGDWLRQSURGXFWVLQFOHDQVLQJDQGVNLQFUHDP
IRUPXODWLRQSURWRW\SHVZHUHUHFHQWO\GHWHUPLQHGE\DWUDLQHGVHQVRU\SDQHODWWKH7HFKQLFDO
8QLYHUVLW\RI'HQPDUNLQWKH'LYLVLRQRI)RRG7HFKQRORJ\,QWKLVVWXG\ZHLQYHVWLJDWHGOLSLG
R[LGDWLRQLQDSURWRW\SHVNLQFUHDPIRUPXODWLRQDVZHOODVLQVHOHFWHGFRVPHWLFVNLQFDUHUDZ
PDWHULDOV/LSLGR[LGDWLRQZDVPHDVXUHGUHJXODUO\RYHUDVL[PRQWKSHULRGIRUWKHSURGXFWDQGRYHUD
WKUHHPRQWKSHULRGIRUWKHUDZPDWHULDOVE\KHDGVSDFHJDVFKURPDWRJUDSK\±PDVVVSHFWURPHWU\7KH
YRODWLOHFRPSRXQGSUHVHQWLQWKHKLJKHVWLQLWLDOFRQFHQWUDWLRQDQGZKLFKLQFUHDVHGPRVWGXULQJ
VWRUDJHZDVPHWK\OEXWDQROPHGLFLQDOFKHPLFDOFOHDQLQJDJHQWRGRXUDQGLWVIRUPDWLRQZDV
OLQNHGWRWKHUDZPDWHULDOLVRDP\OSPHWKR[\FLQQDPDWH7KHRGRXUFKDUDFWHURIWKHSURGXFWDIWHU
VWRUDJHZDVDVVHVVHGDQGLQIRUPDOO\GHHPHGDFFHSWDEOHIRUFRQVXPHUXVDJHDQGW\SLFDORIWRSLFDO
GHUPRFRVPHWLFSURGXFWV$SRWHQWLDOSDWKZD\IRULWVIRUPDWLRQZDVDOVRLGHQWLILHG,QDGGLWLRQWKH
FRQFHQWUDWLRQVRIVHYHUDOZHOONQRZQOLSLGR[LGDWLRQSURGXFWVLQFUHDVHGGXULQJVWRUDJHDQGZHUH
VXJJHVWHGWRRULJLQDWHSULPDULO\IURPULFHEUDQZD[ZKLFKR[LGL]HGPRUHUHDGLO\WKDQRWKHUUDZ
PDWHULDOVGXHWRLWVXQVDWXUDWHGQDWXUH
,QWURGXFWLRQ
6HYHUDOVWXGLHVKDYHVKRZQWKDWOLSLGR[LGDWLRQRIWHQRFFXUVLQWRSLFDOVNLQFDUHIRUPXODWLRQV
FRQWDLQLQJXQVDWXUDWHGOLSLGVDQGWKDWOLSLGR[LGDWLRQSURGXFWVFDQDIIHFWSURGXFWTXDOLW\±LH
RGRXU±DQGFRORXUSRWHQWLDOO\LPSDFWLQJSURGXFWERWKSRVLWLYHO\DQGRUQHJDWLYHO\
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(DUOLHUVWXGLHVKDYHVKRZQWKDWUDZPDWHULDOVZHUHDWOHDVWSDUWO\UHVSRQVLEOHIRUYRODWLOHFRPSRXQGV
SUHVHQWLQVLPSOHHPXOVLRQVLPPHGLDWHO\DIWHUWKHLUSURGXFWLRQ6LQFHWRSLFDOVNLQFDUH
IRUPXODWLRQVDUHRIWHQHPXOVLRQVNQRZOHGJHREWDLQHGIURPVWXGLHVRQVLPSOHHPXOVLRQVFDQSURYLGH
VRPHXQGHUVWDQGLQJRIWKHPHFKDQLVPVEHKLQGWKHIRUPDWLRQRIYRODWLOHFRPSRXQGVLQWRSLFDO
SURGXFWV+RZHYHUWKHFRPSRVLWLRQRIWRSLFDOVNLQFDUHIRUPXODWLRQVLVIDUPRUHFRPSOH[WKDQWKDWRI
VLPSOHHPXOVLRQV\VWHPVDQGVRDUHWKHR[LGDWLRQPHFKDQLVPV,QRUGHUWRGHWHUPLQHZKHWKHUZKLFK
UDZPDWHULDOVDUHUHVSRQVLEOHIRUYRODWLOHFRPSRXQGVSUHVHQWLQIUHVKO\SURGXFHGWRSLFDOVNLQ
IRUPXODWLRQVVHYHUDOIDFWRUVPXVWEHFRQVLGHUHGYRODWLOHVLQWURGXFHGE\UDZPDWHULDOVSURGXFWLRQ
PHWKRGHJWHPSHUDWXUHDQGRWKHUSURFHVVLQJFRQGLWLRQVDVZHOODVH[SRVXUHWRR[\JHQDQGOLJKWDQG
WKHPHFKDQLVPVOHDGLQJWRWKHIRUPDWLRQRIYRODWLOHFRPSRXQGV±9RODWLOHOLSLGR[LGDWLRQ
SURGXFWVFDQDOVREHIRUPHGGXULQJVWRUDJHDVDUHVXOWRILQWHUDFWLRQVEHWZHHQUDZPDWHULDOV
SURGXFWLRQPHWKRGDQGVWRUDJHFRQGLWLRQV7HPSHUDWXUHDQGH[SRVXUHWRR[\JHQDQGOLJKWGXULQJ
VWRUDJHDUHIDFWRUVWKDWFDQLQIOXHQFHWKHUDWHRIOLSLGR[LGDWLRQDIWHUSURGXFWLRQ
2WKHUVWXGLHVKDYHLQYHVWLJDWHGWKHHIIHFWRILPSXULWLHVLQUDZPDWHULDOVRQR[LGDWLYHVWDELOLW\LQ
ILQLVKHGIRRGSURGXFWVDQGPRGHOHPXOVLRQVDVVXPPDULVHGLQDUHYLHZE\:DUDKRHWDOZKR
FRQFOXGHGWKDWWKHR[LGDWLYHVWDELOLW\RIWKHILQLVKHGSURGXFWZDVOLQNHGWRWKHTXDOLW\RIWKHUDZ
PDWHULDOV6LQFHVRPHUDZPDWHULDOVXVHGLQIRRGVDUHFRPPRQZLWKFRVPHWLFVVWXGLHVSHUIRUPHGRQ
UDZPDWHULDOVIRUIRRGFDQEHXVHGDVJXLGDQFHIRUF VPHWLFV
,QDVWXG\RQUDZPDWHULDOVIRUSHUVRQDOFDUHSURGXFWVWKHLPSDFWRIWKHSURGXFWLRQPHWKRGRQWKH
TXDOLW\RIP\ULVW\OP\ULVWDWHDVNLQFRQGLWLRQLQJDQGRSDFLI\LQJDJHQWZDVH[SORUHG7KHSXULW\
RIP\ULVW\OP\ULVWDWHSURGXFWVYDULHGIURPWREHWZHHQPDQXIDFWXUHUV)XUWKHUPRUHWKH
R[LGDWLYHVWDWXVRIWKHP\ULVW\OP\ULVWDWHSURGXFWVPHDVXUHGE\SHUR[LGHYDOXH39IOXFWXDWHGIURP
WRPHTNJGHSHQGLQJRQWKHPDQXIDFWXUHUDQGSURGXFWJUDGH,QDGGLWLRQWKHFRORXUDFLG
YDOXHPJJK\GUR[\OYDOXHPJJDQGVDSRQLILFDWLRQYDOXH±PJJ
DOVRYDULHGZLGHO\EHWZHHQWKHSURGXFWLRQPHWKRGVXVHG
7ZRRWKHUVWXGLHVLQYHVWLJDWHGWKHR[LGDWLYHVWDELOLW\RIVNLQFUHDPVZLWKQHZDFWLYHLQJUHGLHQWVDQG
ERWKVWXGLHVVKRZHGVLJQLILFDQWFKDQJHVLQSK\VLFDODQGR[LGDWLYHVWDELOLW\DVZHOODVRGRXUSURSHUWLHV
DVDUHVXOWRIWKHDGGLWLRQRIH[WUDFWVIURP,FHODQGLFEURZQDOJDH)XFXVYHVLFXORVXV7KLV
KLJKOLJKWVWKHLPSRUWDQFHRIVHFXULQJHDFKUDZPDWHULDOVTXDOLW\VWDELOLW\DQGDQXQGHUVWDQGLQJRI
UDZPDWHULDOLQWHUDFWLRQV
7KHDLPRIWKLVVWXG\ZDVWRH[SORUHOLSLGR[LGDWLRQLQVHOHFWHGUDZPDWHULDOVDQGLQDWRSLFDOVNLQ
IRUPXODWLRQFRQWDLQLQJKLJKOHYHOVRIOLSLGV$VHFRQGDLPZDVWRFRUUHODWHDQ\UDZPDWHULDOR[LGDWLRQ
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ZLWKWKHILQLVKHGSURGXFWR[LGDWLRQWRLGHQWLI\DQ\FXOSDEOHDJHQWV,QDGGLWLRQZHDLPHGWR
XQGHUVWDQGWKHPHFKDQLVPOHDGLQJWRWKHIRUPDWLRQRIDQ\LGHQWLILHGYRODWLOHFRPSRXQGV
0DWHULDOV
3URWRW\SH6NLQ&UHDP)RUPXODWLRQ36&)
7KHSURWRW\SHVNLQFUHDPIRUPXODWLRQZDVSURGXFHGE\*OD[R6PLWK.OLQH%UHQWIRUG8QLWHG
.LQJGRPDQGFRQWDLQHGVHYHUDOUDZPDWHULDOVLQFOXGLQJULFHEUDQZD[JO\FHULQHLVRVWHDU\O
LVRVWHDUDWHSDOPLWLFDFLGPRQRHWKDQRODPLQH30($7KHSURWRW\SHVNLQFUHDPIRUPXODWLRQ
FRQWDLQHGDSSUR[LPDWHO\RIOLSLG
5DZPDWHULDOV
6HSDUDWHO\WRWKHDIRUHPHQWLRQHGSURWRW\SHSURGXFWLQGLYLGXDOFRVPHWLFLQGXVWU\UHOHYDQWUDZ
PDWHULDOVZHUHDVVHVVHGIRUOLSLGR[LGDWLRQSRWHQWLDO
x 5LFHEUDQZD[.RVWHU.HXQHQ%ODGHO1HWKHUODQGV
x *O\FHULQH&URGD(XURSH/WG(DVW<RUNVKLUH(QJODQG
x ,VRVWHDU\OLVRVWHDUDWH&URGD(XURSH/WG(DVW<RUNVKLUH(QJODQG
x 3DOPLWLF$FLG0RQRHWKDQRODPLQH30($-DQ'HNNHU:RUPHUYHHU1HWKHUODQGV
x ,VRDP\OSPHWKR[\FLQQDPDWH89FLQQDPDWH6\PULVH$*+RO]PLQGHQ*HUPDQ\
x %LVHWK\OKH[\OR[\SKHQROPHWKR[\SKHQ\OWULD]LQH89WULD]LQH%$6)6(/XGZLJVKDIHQ
*HUPDQ\
x +H[\OGLHWK\ODPLQRK\GUR[\SKHQ\OPHWKDQR\OEHQ]RDWH89EHQ]RDWH%$6)6(
/XGZLJVKDIHQ*HUPDQ\
0HWKRGV
6WRUDJHFRQGLWLRQV
36&)ZDVVWRUHGIRUPRQWKVDW&&DQG&ZLWKRXWH[SRVXUHWROLJKWDQGDW&ZLWK
H[SRVXUHWROLJKWDQGIRUZHHNVDW&6DPSOHVZHUHWDNHQDIWHUòDQGPRQWKV
5DZPDWHULDOVZHUHVWRUHGDW&IRUPRQWKVVDPSOHVZHUHWDNHQDIWHUDQGPRQWKVRI
VWRUDJH
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7KHVDPSOHVZHUHVWRUHGLQFORVHGPORSDTXHERWWOHV6DPSOHVZHUHVWRUHGLQLQGLYLGXDOERWWOHVWR
EHZLWKGUDZQDWHDFKWLPHSRLQWIRUHDFKDQDO\VLV$IWHUVDPSOLQJDOOVDPSOHVZHUHVWRUHGDW&XQWLO
DQDO\VLV
2LOH[WUDFWLRQPHWKRGRORJ\
2LOZDVH[WUDFWHGIURPJRI36&)DQG89FLQQDPDWHZLWKWKH%OLJKDQG'\HUPHWKRGQ 
+RZHYHUDUHGXFHGDPRXQWRIVROYHQWZDVDSSOLHGDVGHVFULEHGE\,YHUVRQHWDO,QEULHIOLSLGV
ZHUHH[WUDFWHGE\WKHXVHRIDKRPRJHQRXVPL[WXUHRIPORIFKORURIRUPPORIPHWKDQRODQG
PORIZDWHU7KHZDWHUVROXEOHSDUWVZHUHVHSDUDWHGIURPWKHOLSLGVROXEOHSDUWVE\DVXEVHTXHQW
DGGLWLRQRIFKORURIRUPDQGPHWKDQRO3KDVHVHSDUDWLRQZDVFRPSOHWHGE\FHQWULIXJDWLRQ$IWHUSKDVH
VHSDUDWLRQZDVFRPSOHWHGFKORURIRUPLQWKHFKORURIRUPDQGOLSLGSKDVHZDVHYDSRUDWHGDQGWKHRLO
FRQWHQWFRXOGWKHQEHGHWHUPLQHGJUDYLPHWULFDOO\7KHOLSLGH[WUDFWZDVXVHGDVWKHVWDUWLQJPDWHULDO
IRUDQDO\VLVRI39DQGGHWHUPLQDWLRQRIIDWW\DFLGFRPSRVLWLRQ
'HWHUPLQDWLRQRI3HUR[LGH9DOXH
39ZDVPHDVXUHGXVLQJWKH,')PHWKRGDQGTXDQWLILHGE\FRORULPHWULFGHWHUPLQDWLRQRILURQ
WKLRF\DQDWHVSHFWURSKRWRPHWULFDOO\DWQPE\89PLQL6KLPDG]X'XLVEXUJ*HUPDQ\Q 
7KHVSHFWURSKRWRPHWHUZDVUHVHWWRGHWHFWFKORURIRUPPHWKDQROVROYHQWDV]HUR
4XDQWLILFDWLRQRIYRODWLOHFRPSRXQGV
([WUDFWLRQRIYRODWLOHFRPSRXQGV*&06DQDO\VHVDQGTXDQWLILFDWLRQZHUHGRQHDXWRPDWLFDOO\DV
GHVFULEHGE\7KRPVHQHWDOZLWKWKHIROORZLQJPRGLILFDWLRQRIWKHVDPSOHSUHSDUDWLRQFROOHFWLRQ
DQGZDWHUHYDSRUDWLRQ7DEOH7KHVHPRGLILFDWLRQVZHUHGRQHLQRUGHUWRH[WUDFWYRODWLOH
FRPSRXQGVIURPDOOPDWULFHVWRDYRLGFRQWDPLQDWLRQRIWKHWXEHE\SRZGHUVDQGWRUHPRYHZDWHU
UHVLGXHV
%ULHIO\YRODWLOHFRPSRXQGVZHUHFROOHFWHGIURPJRIVDPSOHLQDP/YLDOQ 7KHDXWRPDWLRQ
VHTXHQFHZDVLQFXEDWLRQIRUPLQDWDWHPSHUDWXUHRI&RU&VHH7DEOH7KHVDPSOHZDV
DJLWDWHGDWUSPDJLWDWRURQWLPHVDJLWDWRURIIWLPHV7KHUHDIWHUSXUJLQJZLWKQLWURJHQDW
POPLQWKURXJKWKHKHDGVSDFHRIWKHYLDOZDVVWDUWHGIRUPLQ7KHYRODWLOHFRPSRXQGVZHUH
WUDSSHGRQWXEHVFRQWDLQLQJ7HQD[*5*HUVWHO*PE+	&R.*0OKHLPDQGHU5XKU
*HUPDQ\:DWHUUHVLGXHVZHUHUHPRYHGIURPWKHWXEHVZLWKDP/PLQSXUJHIORZVHH7DEOH
7KHQWKHYRODWLOHFRPSRXQGVZHUHGHVRUEHGIURPWXEHVLQWKHWKHUPDOGHVRUSWLRQXQLWLQLWLDOWHPS
&WKHQ&PLQWR&NHSWWKHUHIRUPLQWRWKH*&7KHYRODWLOHFRPSRXQGVZHUHDQDO\VHG
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RQD*&06PRGHO+3+3$JLOHQW7HFKQRORJLHV86$&KURPDWRJUDSKLFVHSDUDWLRQ
ZDVSHUIRUPHGRQD'%FROXPQPî,'PPîȝPILOPWKLFNQHVV-	:6FLHQWLILF
)ROVRP&$86$XVLQJKHOLXPJDVIORZP/PLQLQWKH*&7KH06VHWWLQJVZHUHH9
HOHFWURQLRQL]DWLRQPRGHPDVVWRFKDUJHUDWLRP]VFDQEHWZHHQDQG7KH*&WHPSHUDWXUH
SURJUDPZDVDVIROORZVLQLWLDO&&PLQXQWLO&&PLQWR&DQGKHOGIRUPLQ
)DWW\DFLGPHWK\OHVWHUV)$0(
)DWW\DFLGFRPSRVLWLRQVLQRLODQG%OLJKDQG'\HUH[WUDFWVZHUHGHWHUPLQHGDVGHVFULEHGE\6DIDIDUHW
DOQ ,QEULHIJRI%OLJKDQG'\HUH[WUDFWRUJRIRLOZHUHZHLJKHGLQWHVWWXEHV7KH
FKORURIRUPZDVHYDSRUDWHGIURP%OLJKDQG'\HUH[WUDFWZLWKQLWURJHQ7KHQLQWHUQDOVWDQGDUG
ZDVDGGHGWRWKHRLODQGH[WUDFWHGWRJHWKHUZLWKKHSWDQHZLWK%+7WROXHQHDQGERURQWULIOXRULGHLQ
PHWKDQRO6DPSOHVZHUHPL[HGDQGPHWK\ODWHGLQDPLFURZDYHRYHQ0LFURZDYH62/9$QWRQ
3DDU$VKODQG9$86$DQGWKHQFRROHGGRZQ6DWXUDWHG1D&ODQGKHSWDQHZLWK%+7ZHUHDGGHG
DQGWKHUHDIWHUSKDVHVHSDUDWLRQRFFXUUHG7KHXSSHUSKDVHRIWKHVDPSOHZDVWUDQVIHUUHGLQWRP/
YLDOVDQGDQDO\VHGE\$JLOHQW$JDVFKURPDWRJUDSK$JLOHQW7HFKQRORJLHV3DOR$OWR&$86$
ZLWKD'%:$;IXVHGVLOLFDFDSLOODU\FROXPQPîPPȝP$JLOHQW7HFKQRORJLHV3DOR
$OWR&$86$KHOLXPDVFDUULHUJDVDQGDIODPHLRQL]DWLRQGHWHFWRU7KH*&WHPSHUDWXUHSURJUDP
LQLWLDO&&PLQXQWLO&DQGKHOGIRUPLQ&PLQWR&DQGKHOGIRUPLQ
DQG&PLQWR&DQGKHOGIRUPLQ)DWW\DFLGVZHUHLGHQWLILHGE\FRPSDULQJWKHLU
UHWHQWLRQWLPHWRWKDWRIDXWKHQWLFVWDQGDUGV)DWW\DFLGVZHUHH[SUHVVHGDVIDWW\DFLGRIWRWDOIDWW\
DFLGVIURP&&
S+GHWHUPLQDWLRQ
7KHS+ZDVPHDVXUHGXVLQJD0HWURKPS+PHWHU0HWURKP+HULVDX6ZLW]HUODQG
'HVFULSWLRQRIGLIIHUHQFHVFDOH
$QH[SHUWSDQHORIVFLHQWLVWVFRQGXFWHGDIDVWLQGXVWU\VWDQGDUGPHWKRGWRDVVHVVWKHRGRXUFKDQJHV
,QWKLVPHWKRGWKHVDPSOHRGRXUZDVJUDGHGYHUVXVDUHIHUHQFHVDPSOHVWRUHGDW&7KHVDPSOHV
ZHUHUDQNHGIURPRQHWRILYHEDVHGRQDVFDOHGHVFULSWLRQRIGLIIHUHQFH'2'EHWZHHQVDPSOHDQG
UHIHUHQFHVDPSOH7DEOH$OOVDPSOHVUDQNHGWKUHHRUOHVVZHUHGHHPHGZLWKLQSURGXFWUDQJH
6WDWLVWLFDODQDO\VLV
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$WZRZD\DQDO\VLVRIYDULDQFHDQGD%RQIHUURQLPXOWLSOHFRPSDULVRQWHVWZHUHHPSOR\HGWRHYDOXDWH
VLJQLILFDQWFKDQJHVLQ)LJXUHDQG7KHVLJQLILFDQFHOHYHOZDV7KHVWDWLVWLFDODQDO\VLVZDV
FRQGXFWHGXVLQJ*UDSK3DG3ULVPYHUVLRQ*UDSK3DG/D-ROOD86$
5HVXOWVDQGGLVFXVVLRQ
/LSLGR[LGDWLRQLQ36&)39DQGYRODWLOHDQDO\VLV
39ZDVXVHGDVDPHDVXUHPHQWRIWKHSULPDU\R[LGDWLRQSURGXFWVOLSLGK\GURSHUR[LGHV39ZDV
LQLWLDOO\PHTNJDQGUHPDLQHGEHORZPHTNJGXULQJWKHPRQWKVRIVWRUDJHDW&
&DQG&GDWDQRWVKRZQ:KHQH[SRVHGWROLJKWGXULQJVWRUDJHWKH39LQFUHDVHGVOLJKWO\WR
PHTNJ$FFRUGLQJWR39OLSLGR[LGDWLRQRQO\RFFXUUHGWRDORZH[WHQW+RZHYHUDORZ
39GRHVQRWQHFHVVDULO\LPSO\WKDWQRR[LGDWLRQKDVRFFXUUHGLWPD\EHUHODWHGWRUDSLGFRQYHUVLRQRI
OLSLGK\GURSHUR[LGHVWRVHFRQGDU\YRODWLOHR[LGDWLRQSURGXFWV,WLVWKHUHIRUHDOVRDGYLVDEOHWRDVVD\IRU
VHFRQGDU\OLSLGR[LGDWLRQSURGXFWV
7KHDVVD\IRUVHFRQGDU\YRODWLOHR[LGDWLRQSURGXFWVYLDG\QDPLFKHDGVSDFH*&06DQDO\VLV
FRQILUPHGWKDWWKHORZ39ZDVGXHWRDIDVWFRQYHUVLRQWRDOGHK\GHVDQGDOFRKROV7KHFRQFHQWUDWLRQ
IRUWKHIROORZLQJYRODWLOHDOGHK\GHVLQFUHDVHGVLJQLILFDQWO\GXULQJVWRUDJH)LJXUHEXWDQDO
PHWK\OEXWDQDOSHQWDQDOKH[DQDOEHQ]DOGHK\GHDQGRFWDQDO%XWDQDOSHQWDQDOKH[DQDODQGRFWDQDO
DUHDOOZHOONQRZQOLSLGR[LGDWLRQSURGXFWVPHWK\OEXWDQDODQGEHQ]DOGHK\GHKDYHEHHQVXJJHVWHGWR
RULJLQDWHIURPQRQHQ]\PDWLFEURZQLQJUHDFWLRQV±%XWDQDOPHWK\OEXWDQDOSHQWDQDODQG
KH[DQDOLQFUHDVHGWRDJUHDWHUH[WHQWGXULQJVWRUDJHDW&DQG&ZLWKRXWH[SRVXUHWROLJKWDQGDW
&ZLWKH[SRVXUHWROLJKWWKDQDW&)LJXUH$'8QH[SHFWHGO\EHQ]DOGHK\GHDQGRFWDQDO
LQFUHDVHGPRVWGXULQJVWRUDJHDW&ZLWKRXWH[SRVXUHWROLJKWIROORZHGE\&ZLWKH[SRVXUHWR
OLJKW
,QDQHDUOLHUVWXG\ZHGHWHUPLQHGRGRXUGHWHFWLRQWKUHVKROGYDOXHVIRUOLSLGR[LGDWLRQSURGXFWVZKLFK
LVWKHFRQFHQWUDWLRQDWZKLFKWKHYRODWLOHFRPSRXQGVVWDUWWRDIIHFWSURGXFWRGRXU+RZHYHUWKHVH
ZHUHRQO\GHWHUPLQHGIRUWKHYRODWLOHFRPSRXQGVWKDWLQFUHDVHGGXULQJVWRUDJHLQD36&),QJHQHUDO
ZHIRXQGWKDWRGRXUGHWHFWLRQWKUHVKROGYDOXHVLQ36&)ZHUHDERYHQJJ7KHUHIRUHYRODWLOH
FRPSRXQGVSUHVHQWLQFRQFHQWUDWLRQVEHORZQJJZHUHQRWFRQVLGHUHGWRDIIHFWSURGXFWRGRXUZKHQ
SUHVHQWDORQHPHWK\OEXWDQDODQGRFWDQDOLQWKHFXUUHQWVWXG\
7KHRGRXUGHWHFWLRQWKUHVKROGYDOXHGHWHUPLQHGIRUEXWDQDOZDVQJJ,QWKHSUHVHQWVWXG\
WKHFRQFHQWUDWLRQZDVDERYHWKLVOHYHODIWHUPRQWKVVWRUDJHDW&&ZLWKH[SRVXUHWROLJKWRU
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&DQGDIWHUPRQWKVDW&)LJXUH$%XWDQDORGRXULQ36&)KDVEHHQGHVFULEHGDVSDUPHVDQ
DQGVRXUGLVKFORWK
7KHRGRXUGHWHFWLRQWKUHVKROGYDOXHIRUSHQWDQDOQJJZDVVOLJKWO\KLJKHUFRPSDUHGZLWK
EXWDQDO7KHFRQFHQWUDWLRQZDVDERYHWKLVOHYHODIWHUPRQWKVDW&ZLWKH[SRVXUHWROLJKWDW
QJJRU&DWQJJDQGDIWHUPRQWKVDW&RU&)LJXUH&3HQWDQDORGRXULQ
36&)KDVEHHQGHVFULEHGDVJUHHQDQGPLONDFLGLF7KHRGRXUGHWHFWLRQWKUHVKROGYDOXHIRU
KH[DQDOKDVQRWEHHQGHWHUPLQHGLQ36&)V%DVHGRQWKHRGRXUGHWHFWLRQWKUHVKROGYDOXHVREWDLQHGIRU
EXWDQDODQGSHQWDQDOLWLVHVWLPDWHGWREHDERYHQJJ+H[DQDOFRQFHQWUDWLRQVZHUHDERYHWKLVOHYHO
DIWHUPRQWKVRIVWRUDJHDWDOOVWRUDJHFRQGLWLRQV,QOLWHUDWXUHLWVRGRXUKDVEHHQGHVFULEHGDVIDWW\
JUHHQDQGIUHVK,QDGGLWLRQWRDOGHK\GHVDIHZDOFRKROVDQGNHWRQHVLQFUHDVHGDVZHOO)LJXUH

7KHFRQFHQWUDWLRQRIPHWK\OEXWDQROZDVVLJQLILFDQWO\DERYHLWVRGRXUGHWHFWLRQWKUHVKROGYDOXHRI
QJJDIWHUPRQWKVRIVWRUDJH2GRXUGHWHFWLRQWKUHVKROGYDOXHVKDYHQRWEHHQGHWHUPLQHG
IRUWKHNHWRQHV+RZHYHUQRQHRIWKHNHWRQHVLQFUHDVHGWRFRQFHQWUDWLRQVDERYHQJJ7KHUHIRUHLW
LVDVVXPHGWKDWWKHVHNHWRQHVGLGQRWDIIHFWSURGXFWRGRXU,QDSUHYLRXVVWXG\PHWK\OEXWDQRO
ZDVGHVFULEHGZLWKWKHRGRXURIJOXHUXEEHUFKHPLFDOPHGLFLQHFOHDQLQJDJHQW$QH[SHUW
SDQHORIVFLHQWLVWVFRQGXFWHGD'2'VHQVRU\HYDOXDWLRQWRDVVHVVWKHRGRXUFKDQJHV36&)LQFUHDVHG
LQLQWHQVLW\RIFKHPLFDODQGFOHDQLQJDJHQWDQGVFRUHGRQWKH'2'VFDOHDIWHUPRQWKVVWRUDJHZLWK
H[SRVXUHWROLJKWDQGDW&6LQFHPDQ\YRODWLOHFRPSRXQGVZHUHSUHVHQWIURPWKHEHJLQQLQJRIWKH
VWRUDJHSHULRGWKH\PD\RULJLQDWHGLUHFWO\IURPUDZPDWHULDOV6HOHFWHGUDZPDWHULDOVZHUHH[SORUHG
WROLQNYRODWLOHFRPSRXQGVLQ36&)WRWKRVHSUHVHQWLQUDZPDWHULDOV
/LSLGR[LGDWLRQLQVHOHFWHGUDZPDWHULDOV
2QHRIWKHSULPDU\IXQFWLRQVRIDFUHDPLVWRPRLVWXULVHDQGSURWHFWWKHVNLQVRWKH\RIWHQFRQWDLQKLJK
OHYHOVRIOLSLGVEXWXQVDWXUDWHGOLSLGVFDQR[LGL]HDQGIRUPYRODWLOHFRPSRXQGV6HYHUDOYRODWLOH
FRPSRXQGVZHUHSUHVHQWLQLWLDOO\LQWKHOLSLGLQJUHGLHQWVDQGPRUHZHUHJHQHUDWHGGXULQJDFFHOHUDWHG
VWRUDJHDW&LQWKHIROORZLQJLQJUHGLHQWVULFHEUDQZD[DQGJO\FHULQH)LJXUH$DQG%36&)
DOVRFRQWDLQHG'SDQWKHQROZKLFKZDVYHU\VWDEOHGXULQJDFFHOHUDWHGVWRUDJH7KXVEHQ]DOGHK\GH
ZDVWKHRQO\YRODWLOHDOGHK\GHWKDWFRXOGEHGHWHFWHGDQGWKLVZDVQRWSRVVLEOHXQWLOPRQWKVRI
VWRUDJHZKHQQJJZDVGHWHFWHGGDWDQRWVKRZQ
,QLWLDOO\VRPHUDZPDWHULDOVULFHEUDQZD[DQGJO\FHULQHFRQWDLQHGVHYHUDODOGHK\GHVDQGWKXV
FRQWULEXWHGWRWKHLQLWLDOFRQFHQWUDWLRQRIDOOYRODWLOHFRPSRXQGVGHWHFWHGLQ36&)7ZRUDZ
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PDWHULDOVULFHEUDQZD[DQGJO\FHULQHFRQWDLQHGEXWDQDODQGFRQWULEXWHGWRWKHSUHVHQFHRIWKLV
YRODWLOHFRPSRXQGLQWKHIUHVKO\SURGXFHG36&))XUWKHUPRUHULFHEUDQZD[FRQWDLQHGSHQWDQRODW
QJJDQGSHQWDQRQHDWQJJDIWHUDFFHOHUDWHGVWRUDJH7KHUHIRUHLWLVOLNHO\WKDWWKHVHWZRUDZ
PDWHULDOVFRQWULEXWHGWRWKHGHYHORSPHQWRISHQWDQRODQGSHQWDQRQHLQ36&)0RUHRYHUWKHLQLWLDO
FRQWHQWRISHQWDQDOPHWK\OEXWDQDOKH[DQRQHDQGKH[DQDOLQ36&)RULJLQDWHGSDUWO\IURPULFH
EUDQZD[DQGJO\FHULQH7KHODVWDOGHK\GHEHQ]DOGHK\GHPD\RULJLQDWHIURP'SDQWKHQROGDWDQRW
VKRZQULFHEUDQZD[DQGJO\FHULQH
2QO\ORZFRQFHQWUDWLRQVRIYRODWLOHFRPSRXQGVZHUHSUHVHQWLQJO\FHULQHFRPSDUHGZLWKULFHEUDQ
ZD[*O\FHULQHFDQR[LGL]HWRDOGHK\GHVVXFKDVJO\FHUDOGHK\GHLQSUHVHQFHRIPHWDOLRQVDQGHOHYDWHG
WHPSHUDWXUH2YHUDOOGLIIHUHQWR[LGDWLRQSURGXFWVWKDWKDYHDWKUHHFDUERQVWUXFWXUHKDYHEHHQ
LGHQWLILHGIRUJO\FHULQH+RZHYHUWKHR[LGDWLRQSURGXFWVFDQUHDFWZLWKRWKHUPROHFXOHVWRIRUP
FRPSRXQGVZLWKPRUHWKDQWKUHHFDUERQV2QHSURSRVHGPHFKDQLVPLVDUHDFWLRQEHWZHHQ
JO\FHUDOGHK\GHDQGJO\FHULQHWRIRUPJO\FHULQHDFHWDWHGHVFULEHGE\-XQJHUPDQQDQG6RQQWDJ
$QRWKHUSRVVLELOLW\LVVLPSOHSRO\PHULVDWLRQ7KHSXULW\RIJO\FHULQHZDV0RUHRYHUWKH
LPSXULWLHVPD\DOVRFRQWULEXWHWRWKHYRODWLOHFRPSRXQGVGHYHORSLQJGXULQJDFFHOHUDWHGVWRUDJH
5LFHEUDQZD[PRVWO\ZD[HVWHUVPDLQO\FRQWDLQHGVDWXUDWHGIDWW\DFLGV
DQGLQDGGLWLRQWRPRQRXQVDWXUDWHGQDQGSRO\XQVDWXUDWHGIDWW\DFLGV
QQQDQGQ'HVSLWHDORZFRQFHQWUDWLRQRISRO\XQVDWXUDWHGIDWW\DFLGVULFH
EUDQZD[KDGVLJQLILFDQWO\KLJKHUFRQFHQWUDWLRQVRIPRVWYRODWLOHFRPSRXQGVGHWHFWHGWKDQJO\HULQH
EHFDXVHSRO\XQVDWXUDWHGIDWW\DFLGVZHUHKLJKO\VXVFHSWLEOHWRDXWRR[LGDWLRQ$XWRR[LGDWLRQRI
SRO\XQVDWXUDWHGIDWW\DFLGVJLYHVULVHWRIRUPDWLRQRISULPDU\R[LGDWLRQSURGXFWZKLFKFDQGHFRPSRVH
IXUWKHUWRVHFRQGDU\R[LGDWLRQSURGXFWV2QHRIPRVWOLNHO\GHFRPSRVLWLRQSDWKZD\VLVVFLVVLRQ
6FLVVLRQHLWKHUĮRUȕUHVXOWVLQDFRPSOH[PL[WXUHRIVHFRQGDU\R[GDWLRQSURGXFWVLQFOXQGLQJWKH
PHDVXUHGDOFRKROVNHWRQHVDQGDOGHK\GHV
7KHIROORZLQJWZRUDZPDWHULDOV30($DQGLVRVWHDU\OLVRVWHDUDWHZRUNDVVNLQFRQGLWLRQHUVLQ36&)
,QLWLDOO\RQO\KH[DQDOEXWDQDODQGSHQWDQDOZHUHSUHVHQWLQ30($DQGLVRVWHDU\OLVRVWHDUDWH)LJXUH
DQGWKH\PD\WKXVSDUWO\EHUHVSRQVLEOHIRUWKHLQLWLDOSUHVHQFHRIKH[DQDOLQ36&)
6HYHUDOYRODWLOHFRPSRXQGVDSSHDUHGLQWKHUDZPDWHULDOVGXULQJWKHPRQWKVRIVWRUDJHEXWVRPHRI
WKHVHYRODWLOHFRPSRXQGVRQO\DSSHDUHGLQ30($DQGLVRVWHDU\OLVRVWHDUDWHKHSWDQRQHKHSWDQDO
DQGQRQDQDO)LJXUH+RZHYHUDOOYRODWLOHFRPSRXQGVWKDWLQFUHDVHGGXULQJVWRUDJHLQ36&)
DOVRDSSHDUHGDQGLQFUHDVHGLQLVRVWHDU\OLVRVWHDUDWHDQG30($QDPHO\EXWDQDOPHWK\OEXWDQDO
RQO\LVRVWHDU\OLVRVWHDUDWHSHQWDQDOSHQWDQRQHSHQWDQRORQO\LVRVWHDU\OLVRVWHDUDWHPHWK\O
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
EXWDQRORQO\LVRVWHDU\OLVRVWHDUDWHKH[DQDOKH[DQRQHRFWDQDODQGEHQ]DOGHK\GHRQO\30($
7KHUHIRUHLWLVOLNHO\WKDW30($DQGLVRVWHDU\OLVRVWHDUDWHFRQWULEXWHGWRWKHLQFUHDVHREVHUYHGLQ
36&)RIPRVWRIWKHYRODWLOHV7KHVWUXFWXUHRIERWK30($DQGLVRVWHDU\OLVRVWHDUDWHGLGQRWLQGLFDWHD
FOHDUUHDFWLYHJURXSVLWHZKLFKFDQUHVXOWLQWKHREVHUYHGYRODWLOHFRPSRXQGV0RUHVWXGLHVDUH
WKHUHIRUHQHHGHGWRXQGHUVWDQGZKHUHWKH\RULJLQDWHIURP7KHLUSUHVHQFHPD\EHUHODWHGWRLPSXULWLHV
SUHVHQWLQWKHUDZPDWHULDOV
7KHODVWUDZPDWHULDOVLQFOXGHGLQWKLVVWXG\ZHUH89ILOWHUV7KHVHUDZPDWHULDOVZHUHSURGXFHGZLWK
WKHSXUSRVHRIEHLQJUHDFWLYHWRZDUGVSURR[LGDQWV7KUHH89ILOWHUVZHUHLQYHVWLJDWHG89EHQ]RDWH
89WULD]LQHDQG89FLQQDPDWH,QLWLDOO\RQO\DVPDOODPRXQWRIRFWDQDOZDVSUHVHQWLQ89EHQ]RDWH
DQG89WULD]LQHGLGQRWFRQWDLQDQ\NQRZQR[LGDWLRQSURGXFWV)LJXUH
$IWHUPRQWKVRIDFFHOHUDWHGVWRUDJHDOGHK\GHVSUHGRPLQDQWO\IRUPHGLQ89EHQ]RDWHDQG89
WULD]LQH6RPHRIWKHYRODWLOHFRPSRXQGVWKDWDSSHDUHGGXULQJWKHPRQWKVRIVWRUDJHZHUHQRW
SUHVHQWLQ36&)KHSWDQDODQGQRQDQDO89EHQ]RDWHDQG89WULD]LQHJHQHUDWHGEXWDQDO
PHWK\OEXWDQDORQO\89EHQ]RDWHSHQWDQDOKH[DQDOKH[DQRQHRFWDQDODQGEHQ]DOGHK\GHDIWHU
PRQWKVVWRUDJH
,QFRQWUDVWWRWKHRWKHUWZR89ILOWHUV89FLQQDPDWHFRQWDLQHGVXEVWDQWLDODPRXQWVRIPHWK\O
EXWDQROLQLWLDOO\DQGWKHFRQFHQWUDWLRQRIWKLVFRPS XQGLQFUHDVHGIXUWKHUGXULQJVWRUDJH)LJXUH,Q
DGGLWLRQ89FLQQDPDWHDOVRJHQHUDWHGPHWK\OEXWDQDOGXULQJVWRUDJH$IWHUWKUHHPRQWKVRI
DFFHOHUDWHGVWRUDJHRFWDQDOQJJSHQWDQDOQJJDQGEHQ]DOGHK\GHQJJDSSHDUHGDVZHOO
)LJXUH&$OWKRXJKVHYHUDODOGHK\GHVRFFXUUHGDIWHUWKUHHPRQWKVRIVWRUDJHWKHLUFRQFHQWUDWLRQV
ZHUHORZLQ89ILOWHUVFRPSDUHGZLWKWKHFRQFHQWUDWLRQVLQKXPHFWDQWVNLQWH[WXUHPRGLI\LQJDQG
VNLQFRQGLWLRQLQJUDZPDWHULDOV7KHUHIRUH89EHQ]RDWHDQG89WULD]LQHZHUHQRWH[SORUHGIXUWKHU
+RZHYHUWKHKLJKFRQFHQWUDWLRQRIPHWK\OEXWDQROJHQHUDWHGE\89FLQQDPDWHZRXOGEH
H[SHFWHGWRLPSDFWDILQLVKHGSURGXFWRGRXU$WUDLQHGVHQVRU\SDQHOGHVFULEHGPHWK\OEXWDQRODV
JOXHUXEEHUFKHPLFDOPHGLFLQHDQGFOHDQLQJDJHQW7KHUHIRUHLWLVLPSRUWDQWWRXQGHUVWDQGWKH
URXWHRIUHDFWLRQVOHDGLQJWRPHWK\OEXWDQROLQRUGHUWRLGHQWLI\ZD\VWRFRQWUROLW
0DF0DQXV6SHQFHUHWDOKDYHSUHYLRXVO\LQYHVWLJDWHGWKHGHJUDGDWLRQRIRFW\OS
PHWKR[\FLQQDPDWHXQGHUSKRWRO\WLFFRQGLWLRQVDQGLGHQWLILHGPHWKR[\EHQ]DOGHK\GHDQG
HWK\OKH[DQRODPRQJWKHSURGXFWV7ZRFOHDYDJHURXWHVZHUHFRQVLGHUHGLQWKHLUZRUNZKHUHWKHDONHQH
LQWKH89ILOWHUHLWKHUUHDFWHGZLWKZDWHUIROORZHGE\DUHWURDOGROUHDFWLRQRUDUHDFWLRQRFFXUUHGZLWK
VLQJOHWR[\JHQWRIRUPWKHDOGHK\GHVWKURXJKDQXQVWDEOHGLR[HWDQH7KHVDPHSDWKZD\VFDQEH
HQYLVLRQHGLQRXUFDVHZKHUH89FLQQDPDWHHLWKHUZRXOGIRUPPHWKR[\EHQ]DOGHK\GHDQGLVRDP\O
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
DFHWDWHE\UHDFWLRQZLWKZDWHURUXQGHUJRDFOHDYDJHZLWKVLQJOHWR[\JHQWRJLYHWKHFRUUHVSRQGLQJ
DOGHK\GHV6FKHPH7KHDGGLWLRQRIZDWHUWRFLQQDPDWHVIROORZHGE\DUHWURDOGROUHDFWLRQLVD
NQRZQELRV\QWKHWLFSDWKZD\LQWKHV\QWKHVLVRISODQWEHQ]RLFDFLGVIURPFLQQDPDWHV$VDUHVXOW
LWVKRXOGDOVREHDIHDVLEOHFKHPLFDOURXWHDOWKRXJKWKHWUDQVIRUPDWLRQLVSUREDEO\YHU\VORZ7KH
FOHDYDJHRIROHILQVE\VLQJOHWR[\JHQLVZHOONQRZQ±DQGWKHIRUPHGLVRDP\OHVWHURIJO\R[\OLF
DFLGLVSUHVXPDEO\ODELOHHQRXJKWRK\GURO\VHFRPSOHWHO\XQGHUWKHVWRUDJHFRQGLWLRQV)LQDOO\
GLUHFWK\GURO\VLVRI89FLQQDPDWHWRWKHFDUER[\OLFDFLGDQGPHWK\OEXWDQROVKRXOGDOVREH
LQFOXGHGLQWKHFRQVLGHUDWLRQV6FKHPH
,QDGGLWLRQWRPHWK\OEXWDQROWKHGHJUDGDWLRQRI89FLQQDPDWHPD\WKXVDOVRIRUP
PHWKR[\EHQ]DOGHK\GHDQGLVRDP\ODFHWDWHZKLFKFDQEHXVHGWRGLVWLQJXLVKEHWZHHQWKHGLIIHUHQW
SDWKZD\V7KHS+RI89FLQQDPDWHZDVLQLWLDOO\DQGGHFUHDVHGVOLJKWO\WRDIWHUPRQWKV
VWRUDJHDW&,QVSHFWLRQRIWKHFKURPDWRJUDPVIURP89FLQQDPDWHGLGLQGHHGUHYHDOWKHSUHVHQFH
RIERWKPHWKR[\EHQ]DOGHK\GHDQGLVRDP\ODFHWDWH7KHUHWHQWLRQWLPHZDVIRU
PHWKR[\EHQ]DOGHK\GHDQGIRULVRDP\ODFHWDWHDQGERWKVLJQDOVZHUHFRQILUPHGE\H[WHUQDO
VWDQGDUGV1RWDEO\WKHDFHWDWHRIWKHDOFRKROZDVQRWGHWHFWHGLQWKHHDUOLHUZRUNE\0DF0DQXV
6SHQFHUHWDO0HWKR[\EHQ]DOGHK\GHDQGLVRDP\ODFHWDWHZHUHERWKSUHVHQWLQ89FLQQDPDWH
IURPWKHEHJLQQLQJRIWKHVWRUDJHSHULRGDQGWKHLUDPRXQWVLQFUHDVHGIXUWKHUGXULQJVWRUDJH$OWKRXJK
WKHWZRE\SURGXFWVKDYHQRWEHHQTXDQWLILHGE\WKHXVHRIFDOLEUDWLRQFXUYHVWKH\DSSHDUWREH
IRUPHGLQVRPHZKDWHTXDODPRXQWVDQGFHUWDLQO\WRDPXFKOHVVHUGHJUHHWKDQPHWK\OEXWDQRO
ZKLFKLVWKHPDLQE\SURGXFW$VDUHVXOWPHWKR[\EHQ]DOGHK\GHDQGPHWK\OEXWDQROFDQQRWEH
IRUPHGE\WKHR[LGDWLYHFOHDYDJHZLWKVLQJOHWR[\JHQVLQFHWKLVZRXOGJLYHULVHWRVLPLODUDPRXQWVRI
ERWKFRPSRXQGV,QVWHDGLWLVYHU\OLNHO\WKDWPHWKR[\EHQ]DOGHK\GHDQGLVRDP\ODFHWDWHDUHIRUPHG
E\WKHDGGLWLRQRIZDWHUDQGDUHWURDOGROUHDFWLRQ
7KLVOHDYHVWKHGLUHFWK\GURO\VLVRIWKHHVWHUDVWKHPDLQSDWKZD\IRUWKHIRUPDWLRQRIPHWK\O
EXWDQRO,WLVNQRZQWKDWHVWHUVFDQK\GURO\VHXQGHUQHDUQHXWUDOFRQGLWLRQVEXWWKHUHDFWLRQLVYHU\
VORZ)RUHWK\OFLQQDPDWHWKHKDOIOLIHIRUK\GURO\VLVLQZDWHUDWS+DQG&LVHVWLPDWHGWREH
DERXW\HDUV7KLVQXPEHUZLOOEHKLJKHUIRU89FLQQDPDWHLQWKHSUHVHQWFDVHVLQFHWKH
K\GURO\VLVLVVORZHULQDQRQSRODUHQYLURQPHQW+RZHYHUWKHDPRXQWRIPHWK\OEXWDQROUHOHDVHG
LQ)LJXUHRQO\FRUUHVSRQGVWRDERXWÅZZDIWHUPRQWKVVWRUDJHDW&7KHUHIRUHLWLV
K\SRWKHVLVHGWKDWWKLVLVDUHVXOWRIDYHU\VORZGLUHFWK\GURO\VLVRIWKHHVWHULQWKH89ILOWHUXQGHUWKH
QHDUQHXWUDOFRQGLWLRQV

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
/LQNLQJYRODWLOHVLQ36&)ZLWKWKRVHLQUDZPDWHULDOV
7KHYRODWLOHFRPSRXQGVSUHVHQWLQ36&)DQGUDZPDWHULDOVDUHVXPPDUL]HGLQ7DEOH,QEULHIWKH
LQFUHDVHREVHUYHGLQEXWDQDOLQ36&)GXULQJVWRUDJHPD\PDLQO\RULJLQDWHIURPLVRVWHDU\OLVRVWHDUDWH
IRUZKLFKWKHFRQFHQWUDWLRQZDVDERYHRGRXUGHWHFWLRQWKUHVKROGYDOXHIURPWKHEHJLQQLQJRIWKH
VWRUDJH+RZHYHUEXWDQDODOVRGHYHORSHGLQULFHEUDQZD[JO\FHULQH30($89WULD]LQHDQG89
EHQ]RDWHGXULQJVWRUDJH
7KHIRUPDWLRQRIPHWK\OEXWDQDOZDVUHODWHGWRVHYHUDOUDZPDWHULDOVQDPHO\ULFHEUDQZD[
JO\FHULQHLVRVWHDU\OLVRVWHDUDWH89FLQQDPDWHDQG89EHQ]RDWH7KHFRQFHQWUDWLRQRISHQWDQDO
LQFUHDVHGLQDOOUDZPDWHULDOVDQGWKHFRQFHQWUDWLRQZDVDERYHRGRXUGHWHFWLRQWKUHVKROGYDOXHLQULFH
EUDQZD[LVRVWHDU\OLVRVWHDUDWHDQG30($DIWHUPRQWKVRIVWRUDJH+H[DQDOLQFUHDVHGVLJQLILFDQWO\
LQWKH36&)GXULQJVWRUDJHDQGDOVRLQFUHDVHGWRKLJKFRQFHQWUDWLRQVLQULFHEUDQZD[DQG30($
PRUHWKDQQJJ,QDGGLWLRQKH[DQDOZDVSUHVHQWLQJO\FHULQHLVRVWHDU\OLVRVWHDUDWH89WULD]LQH
DQG89EHQ]RDWHLQORZFRQFHQWUDWLRQVOHVVWKDQQJJ%HQ]DOGHK\GHPDLQO\LQFUHDVHGLQ36&)DW
&ZLWKH[SRVXUHWROLJKWWRQJJDIWHUPRQWKV¶VWRUDJH,WZDVSRVVLEOHWRUHODWHEHQ]DOGHK\GH
WRDOOUDZPDWHULDOVH[FHSWLVRVWHDU\OLVRVWHDUDWH7KHODVWDOGHK\GHRFWDQDODSSHDUHGLQDOOUDZ
PDWHULDOVH[FHSWJO\FHULQHGXULQJDFFHOHUDWHGVWRUDJH3DUWLFXODUO\WKHFRQFHQWUDWLRQRIRFWDQDO
LQFUHDVHGLQULFHEUDQZD[7KHDOFRKROSHQWDQROPDUJLQDOO\LQFUHDVHGLQDIHZPDWHULDOVULFHEUDQ
ZD[DQGLVRVWHDU\OLVRVWHDUDWH,QFRQWUDVWWRWKHORZFRQFHQWUDWLRQRISHQWDQRODQGPHWK\O
EXWDQROLQLVRVWHDU\OLVRVWHDUDWHPHWK\OEXWDQROZDVSUHVHQWLQKLJKFRQFHQWUDWLRQLQ36&)IURP
WKHEHJLQQLQJDQGWKURXJKRXWWKHVWRUDJHSHULRG7KH50VVKRZQWRJHQHUDWHPHWK\OEXWDQRO
GXULQJVWRUDJHZHUH89FLQQDPDWHJO\FHULQHDQGLVRVWHDU\OLVRVWHDUDWH/DVWO\WKHWZRNHWRQHV
SHQWDQRQHDQGKH[DQRQHZHUHSUHVHQWLQERWK36&)DQGVHYHUDOUDZPDWHULDOVEXWRQO\LQORZ
FRQFHQWUDWLRQV
*6.7R[LFRORJ\JURXSKDVDVVHVVHGWKHKXPDQVDIHW\LPSDFWRIWKHYRODWLOHVLQFOXGHGLQWKLV
UHSRUW$WWKHGHWHUPLQHGOHYHOVWKHVHVXEVWDQFHVGRQRWUDLVHDQ\WR[LFRORJLFDOFRQFHUQQHLWKHUORFDOO\
RUV\VWHPLFDOO\
&RQFOXVLRQ
7KLVVWXG\H[SORUHGOLSLGR[LGDWLRQDQGR[LGDWLYHGHJUDGDWLRQLQDWRSLFDOVNLQIRUPXODWLRQ36&)
FRQWDLQLQJKLJKOHYHOVRIOLSLG6RPHVHFRQGDU\YRODWLOHR[LGDWLRQSURGXFWVZHUHSUHVHQWLQLWLDOO\DQG
PRUHZHUHJHQHUDWHGGXULQJWKHPRQWKVRIVWRUDJH0RVWQRWDEO\PHWK\OEXWDQROZDVSUHVHQWLQ
DKLJKFRQFHQWUDWLRQLQLWLDOO\DQGLWLQFUHDVHGIXUWKHUGXULQJVWRUDJH6LQFHWKHFRQFHQWUDWLRQRI
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
PHWK\OEXWDQROZDVKLJKHUWKDQWKHRGRXUGHWHFWLRQWKUHVKROGYDOXHDIWHUVL[PRQWKVRIVWRUDJHLW
ZDVH[SHFWHGWRDIIHFWSURGXFWRGRXUDIWHUORQJWHUPVWRUDJHJHQHUDWLQJDQLQFUHDVHLQWKHPHGLFLQDO
FKHPLFDOFOHDQLQJDJHQWW\SHRGRXUFKDUDFWHU7KLVSURGXFWZDVWKHUHIRUHDVVHVVHGIRURGRXUFKDQJHV
LQIRUPDOO\YVD&FRQWUROVDPSOHDQGGHHPHGDFFHSWDEOHDQGW\SLFDORIDGHUPRFRVPHWLFSURGXFW
KLJKOLJKWLQJDJDLQWKHLPSRUWDQFHRIFRQVLGHULQJWKHFRPELQDWLRQHIIHFWRIRWKHUYRODWLOHVSUHVHQWDQG
WKHSURGXFWEDVHRGRXUZKHQLQWHUSUHWLQJWKHLPSDFWRIDQ\OLSLGR[LGDWLRQRQSURGXFWRGRXU
6HOHFWHGUDZPDWHULDOVZHUHH[SORUHGLQRUGHUWROLQNYRODWLOHFRPSRXQGVDIIHFWLQJWKHTXDOLW\LQWKH
WRSLFDOVNLQIRUPXODWLRQWRUDZPDWHULDOV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ϮϬнůŝŐŚƚ
ϰϬ
ϱϬ
Ă
ď
ď
Đ
Ϭ
ϭϬ
ϮϬ
ϯϬ
ϰϬ
ϱϬ
ϲϬ
ϳϬ
ϴϬ
Ϭ Ъ ϭ Ϯ ϯ ϰ ϱ ϲ
ϮͲ
,Ğ
ǆĂ
ŶŽ
ŶĞ
΀Ŷ
Őͬ
Ő΁
ŵŽŶƚŚ
 ϱ
ϮϬ
ϮϬнůŝŐŚƚ
ϰϬ
ϱϬ
Ă
ď
ď
Đ
Page 32 of 39Journal of the American Oil Chemists
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review

)LJXUH9RODWLOHFRPSRXQGV>QJJ@SUHVHQWLQUDZPDWHULDOVGXULQJWKHPRQWKVWRUDJHDW&$ULFHEUDQZD[DQG%
JO\FHULQH5HVXOWVDUHSUHVHQWHGDVDYHUDJH6'DQG1 

Ϭ ϱϬϬ ϭϬϬϬ ϭϱϬϬ ϮϬϬϬ ϮϱϬϬ ϯϬϬϬ ϯϱϬϬ ϰϬϬϬ ϰϱϬϬ ϱϬϬϬ
KĐƚĂŶĂů
EŽŶĂŶĂů
ƵƚĂŶĂů
ϯͲŵĞƚŚǇůͲďƵƚĂŶĂů
ϮͲƉĞŶƚĂŶŽŶĞ
WĞŶƚĂŶĂů
ϭͲƉĞŶƚĂŶŽů
ϮͲŚĞǆĂŶŽŶĞ
,ĞǆĂŶĂů
ϮͲŚĞƉƚĂŶŽŶĞ
,ĞƉƚĂŶĂů
ĞŶǌĂůĚĞŚǇĚĞ
sŽůĂƚŝůĞĐŽŵƉŽƵŶĚƐŝŶƌŝĐĞďƌĂŶǁĂǆ΀ŶŐͬŐ΁
 ŵϯ
ŵϮ
ŵϭ
ŵϬ
Ϭ ϮϬ ϰϬ ϲϬ ϴϬ ϭϬϬ ϭϮϬ
ƵƚĂŶĂů
ϯͲŵĞƚŚǇůͲďƵƚĂŶĂů
WĞŶƚĂŶĂů
ϯͲŵĞƚŚǇůͲϭͲďƵƚĂŶŽů
ϮͲŚĞǆĂŶŽŶĞ
,ĞǆĂŶĂů
ϮͲŚĞƉƚĂŶŽŶĞ
,ĞƉƚĂŶĂů
ĞŶǌĂůĚĞŚǇĚĞ
sŽůĂƚŝůĞĐŽŵƉŽƵŶĚƐŝŶŐůǇĐĞƌŝŶĞ΀ŶŐͬŐ΁
 ŵϯ
ŵϮ
ŵϭ
ŵϬ
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For Peer Review

)LJXUH9RODWLOHFRPSRXQGV>QJJ@SUHVHQWLQVNLQWH[WXUHPRGLI\LQJDQGVNLQFRQGLWLRQLQJUDZPDWHULDOVGXULQJWKH
PRQWKVWRUDJHDW&$30($DQG%LVRVWHDU\OLVRVWHDUDWH5HVXOWVDUHSUHVHQWHGDVDYHUDJH6'DQG1 

Ϭ ϭϬϬ ϮϬϬ ϯϬϬ ϰϬϬ ϱϬϬ ϲϬϬ
KĐƚĂŶĂů
EŽŶĂŶĂů
ƵƚĂŶĂů
ϮͲƉĞŶƚĂŶŽŶĞ
WĞŶƚĂŶĂů
ϮͲŚĞǆĂŶŽŶĞ
,ĞǆĂŶĂů
ϮͲŚĞƉƚĂŶŽŶĞ
,ĞƉƚĂŶĂů
ĞŶǌĂůĚĞŚǇĚĞ
sŽůĂƚŝůĞĐŽŵƉŽƵŶĚƐŝŶWD΀ŶŐͬŐ΁
 ŵϯ
ŵϮ
ŵϭ
ŵϬ
Ϭ ϮϬϬ ϰϬϬ ϲϬϬ ϴϬϬ ϭϬϬϬ ϭϮϬϬ ϭϰϬϬ ϭϲϬϬ
KĐƚĂŶĂů
EŽŶĂŶĂů
ƵƚĂŶĂů
ϯͲŵĞƚŚǇůͲďƵƚĂŶĂů
ϮͲƉĞŶƚĂŶŽŶĞ
WĞŶƚĂŶĂů
ϯͲŵĞƚŚǇůͲϭͲďƵƚĂŶŽů
ϭͲƉĞŶƚĂŶŽů
ϮͲŚĞǆĂŶŽŶĞ
,ĞǆĂŶĂů
ϮͲŚĞƉƚĂŶŽŶĞ
,ĞƉƚĂŶĂů
sŽůĂƚŝůĞĐŽŵƉŽƵŶĚƐŝŶŝƐŽƐƚĞĂƌǇůŝƐŽƐƚĞĂƌĂƚĞ΀ŶŐͬŐ΁
 ŵϯ
ŵϮ
ŵϭ
ŵϬ
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For Peer Review

)LJXUH9RODWLOHFRPSRXQGV>QJJ@SUHVHQWLQ89ILOWHUUDZPDWHULDOVGXULQJWKHPRQWKVRIVWRUDJHDW&$89
EHQ]RDWH%89WULD]LQHDQG&89FLQQDPDWH5HVXOWVDUHSUHVHQWHGDVDYHUDJH6'DQG1 

Ϭ ϭϬ ϮϬ ϯϬ ϰϬ ϱϬ ϲϬ ϳϬ ϴϬ ϵϬ ϭϬϬ
KĐƚĂŶĂů
ƵƚĂŶĂů
ϯͲŵĞƚŚǇůͲďƵƚĂŶĂů
WĞŶƚĂŶĂů
ϮͲŚĞǆĂŶŽŶĞ
,ĞǆĂŶĂů
,ĞƉƚĂŶĂů
ĞŶǌĂůĚĞŚǇĚĞ
sŽůĂƚŝůĞĐŽŵƉŽƵŶĚƐŝŶhsďĞŶǌŽĂƚĞ΀ŶŐͬŐ΁
 ŵϯ
ŵϮ
ŵϭ
ŵϬ
Ϭ ϮϬ ϰϬ ϲϬ ϴϬ ϭϬϬ ϭϮϬ ϭϰϬ ϭϲϬ ϭϴϬ ϮϬϬ
KĐƚĂŶĂů
EŽŶĂŶĂů
ƵƚĂŶĂů
WĞŶƚĂŶĂů
ϮͲŚĞǆĂŶŽŶĞ
,ĞǆĂŶĂů
,ĞƉƚĂŶĂů
ĞŶǌĂůĚĞŚǇĚĞ
sŽůĂƚŝůĞĐŽŵƉŽƵŶĚƐŝŶhsƚƌŝĂǌŝŶĞ΀ŶŐͬŐ΁
 ŵϯ
ŵϮ
ŵϭ
ŵϬ
Ϭ ϱϬϬϬϬ ϭϬϬϬϬϬ ϭϱϬϬϬϬ ϮϬϬϬϬϬ ϮϱϬϬϬϬ
KĐƚĂŶĂů
ϯͲŵĞƚŚǇůͲďƵƚĂŶĂů
WĞŶƚĂŶĂů
ϯͲŵĞƚŚǇůͲϭͲďƵƚĂŶŽů
ĞŶǌĂůĚĞŚǇĚĞ
sŽůĂƚŝůĞĐŽŵƉŽƵŶĚƐŝŶhsĐŝŶŶĂŵĂƚĞ΀ŶŐͬŐ΁
 ŵϯ
ŵϮ
ŵϭ
ŵϬ
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
6FKHPH3RWHQWLDOSDWKZD\VIRUFOHDYDJHRI89FLQQDPDWH

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7DEOH6DPSOHSUHSDUDWLRQFROOHFWLRQFRQGLWLRQVDQGZDWHUHYDSRUDWLRQDSSOLHGIRUFROOHFWLRQRIYRODWLOHFRPSRXQGVIURP
36&)DQGUDZPDWHULDOV
6DPSOHV 3UHSDUDWLRQ &ROOHFWLRQ (YDSRUDWLRQ
36&) JVDPSOH
,QFXEDWLRQDW
&IRUPLQ
P/PLQDW
&IRU
PLQ

POPLQDW
&IRU
PLQ
5LFHEUDQZD[
*O\FHULQH
,VRVWHDU\OLVRVWHDUDWH
89FLQQDPDWH
JVDPSOH
,QFXEDWLRQDW
&IRUPLQ
P/PLQDW
&IRU
PLQ


30($
89WULD]LQH
89EHQ]RDWH
JRIVDPSOHDQG
ZDWHUZHUHPL[HG
,QFXEDWLRQ
DW&IRUPLQ
P/PLQDW
&IRU
PLQ

POPLQDW
&IRU
PLQ



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7DEOH'HVFULSWLRQRIGLIIHUHQFHVFDOH
'2'6FDOH 'HVFULSWLRQRI'LIIHUHQFH
 1RGLIIHUHQFHVLQFKDUDFWHURULQWHQVLW\QRWHG
 5HDVRQDEO\VXUHGLIIHUHQFHH[LVWVWKRXJKGLIIHUHQFHPD\EHWRR
VXEWOHWRDFFXUDWHO\GHVFULEH
 'HILQLWHGLIIHUHQFHFDQGHVFULEHGLIIHUHQFHZLWKUHDVRQDEOH
VXUHW\
 3URGXFWRUPDWHULDORXWRIH[SHFWHGUDQJH0RGHUDWHRUODUJH
LQWHQVLW\GLIIHUHQFHVRU$1<FKDUDFWHUGLIIHUHQFHV
 2XWVLGHQRUPDOUDQJH/DUJHLQWHQVLW\DQGRUFKDUDFWHU
GLIIHUHQFHV
1RWH'2' 'HJUHHRI'LIIHUHQFH

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
7DEOH6XPPDU\RIYRODWLOHFRPSRXQGVSUHVHQWLQERWK36&)DQGUDZPDWHULDOV SUHVHQW SUHVHQWDERYHWKUHVKROG
YDOXHLQUDZPDWHULDORQO\DYDLODEOHIRUEXWDQDOSHQWDQDODQGPHWK\OEXWDQRODQG DEVHQW
9RODWLOHFRPSRXQGV
5DZPDWHULDO

%XWDQDO
PHWK\OEXWDQDO
3HQWDQDO
+H[DQDO
%HQ]DOGHK\GH
2FWDQDO
SHQWDQRO
PHWK\OEXWDQRO
SHQWDQRQH
KH[DQRQH
5LFHEUDQZD[          
*O\FHULQH          
,VRVWHDU\OLVRVWHDUDWH          
30($          
89FLQQDPDWH          
89WULD]LQH          
89EHQ]RDWH          

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